The large deformations of an initially-ellipsoidal capsule in a simple shear flow are 7 studied by coupling a boundary integral method for the internal and external flows and and ratio of shear to area dilatation moduli) on the capsule behaviour is investigated. 13 Two regimes are found depending on the value of a capillary number comparing 14 viscous and elastic forces. At low capillary numbers, the capsule tumbles, behaving 15 mostly like a solid particle. At higher capillary numbers, the capsule has a fluid-like 16 behaviour and oscillates in the shear flow while its membrane continuously rotates 17 around its deformed shape. During the tumbling-to-swinging transition, the capsule 18 transits through an almost circular profile in the shear plane for which a long axis 19 can no longer be defined. The critical transition capillary number is found to depend 20 mainly on the initial shape of the capsule and on its shear modulus, and weakly on 21 the area dilatation modulus. Qualitatively, oblate and prolate capsules are found to 22 behave similarly, particularly at large capillary numbers when the influence of the 23 initial state fades out. However, the capillary number at which the transition occurs
Introduction

27
A microcapsule is a small liquid droplet enclosed in a thin hyperelastic membrane. 28 Artificial capsules have numerous applications in cosmetics, drug vectorization and 29 cell encapsulation. Cells (particularly red blood cells, which do not have a nucleus) 30 can also be modelled mechanically as capsules. shear rate. This phenomenon, which shall be referred to as swinging in this article, can 43 be interpreted by considering that the capsules had slightly-non-spherical reference 44 shapes (Walter et al. report aspect ratios of approximately 0.97). Thus, the successive 45 states of the capsule as the membrane tank-treads are not completely equivalent 46 and the deformation and inclination can vary over time. Ramanujan & Pozrikidis 47 (1998) studied the motion of oblate spheroids in a simple shear flow numerically 48 and found that they indeed exhibited swinging, while spherical capsules did not. 49 Since even a slight deviation from sphericity in experimental capsules leads to a 50 noticeable swinging phenomenon, it appears that numerical models need to take into 51 account these effects, even for quasi-spherical capsules. Furthermore, recent advances the small deformation of a quasi-spherical capsule. They found that, contrary to the 88 assumption of Skotheim & Secomb (2007) , the deformation of the capsule shape 89 plays a large part in its dynamics.
90
The first three-dimensional numerical study of non-spherical capsules was the 91 work of Ramanujan & Pozrikidis (1998) spheroids (aspect ratios 0.7 and 0.9) with membranes described by the hyperelastic 132 law proposed by Skalak et al. (1973) . They studied the so-called vacillating-breathing 133 regime, which is similar to the swinging regime but with much larger amplitudes of 134 the oscillations. It is noteworthy that none of the five numerical studies cited above 135 were able to reproduce the intermittent regime described by Abkarian et al. (2007) . 136 The aim of the present study is to compare the behaviour of prolate and oblate 137 spheroidal capsules in a simple shear flow. This work appears to be the first numerical 138 study on the behaviour of prolate spheroidal capsules. Particular attention will be 139 paid to the various regimes observed and to the transition between them, with the 140 intent of confronting the physical understanding of these motion modes with the 141 results of the computations. A systematic study of the influence of the properties of 142 the capsule wall (material law and ratio of the area dilatation modulus to the shear 143 modulus) will be conducted. However, the influence of the viscosity ratio will not be 144 studied; the internal and external fluids will be assumed to have the same viscosity 145 throughout the study.
146
In § § 2 and 3, we introduce the problem at stake, the numerical method as well as 
The vector x is the current position of a membrane material point, which is located 179 at X in the reference state.
180
(ii) 
A number of laws are available to model thin hyperelastic membranes (Oden 1972 
239
Because of the negligible inertia of a membrane with small thickness, the membrane 240 motion is governed by the local equilibrium equation
where q is the external load exerted by the fluids and ∇ s · is the surface divergence 242 operator in the deformed configuration. Equation (2.14) can also be written in a weak 243 form using the virtual work principle: for any virtual displacement fieldû, balancing 244 the internal and external virtual work requires
is the virtual strain tensor.
246
Since the bending modulus of the membrane has been neglected, the capsule wall 
Note that, contrary to a spherical capsule, the initial value of D 12 is not zero and is 
Numerical method
293
The objective is to compute the motion and deformation of the capsule under the 294 hydrodynamic stress until a periodic state is reached. 
where κ is the bending modulus and H is the mean curvature (Helfrich 1973 
where n e is the number of edges connected to node n, l i is the length of edge i, θ i is 
Swinging
456
The same capsule is now studied at a capillary number Ca = 0.9 in the swinging In the case of a prolate NH spheroid, the wrinkling does not subside as Ca 
Influence of the areaa dilatation modulus
638
In § 5, we have studied two material laws that have the same behaviour at small angle could become negative; they defined this behaviour as a separate regime, which 722 they termed vacillating-breathing. In the present study, we have chosen to refrain 723 from using the axes and angles computed by using the ellipsoid of inertia when the 724 Taylor parameter is lower than 0. In conclusion, we have shown that, for a given capillary number, the energy 795 brought by, and dissipated in, the flows is of the same order for both aspect ratios, 796 and therefore so is the energy E m stored in the capsule membrane. However, the value 797 that E m has to reach for the tumbling-to-swinging transition to take place depends 798 strongly on whether the capsule is oblate or prolate. This is why the transition occurs 799 at much lower values of Ca for the oblate than for the prolate capsule. 
